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TECHNICAL NOTE 2876

THE PLANING CHARACTERISTICS OF TWO V-SHAPED
PRISMATIC SURFACES HAVING ANGLES OF
DEAD RISE OF 20° AND ko°

By Derrill B. Chambliss and George M. Boyd, Jr.
SUMMARY

The principal planing cheracteristics have been obtained for two
V-shaped prismatic surfaces having angles of dead rise of 20° and L4O°.
The load, wetted lengths, resistance, center-of-pressure location, and
limited draft data are presented for speed coefficients up to 25.0,
beam-loading coefficients from 0.85 to 87.33, keel-wetted-length—beam
ratios up to approximately 8.0, and trims up to 30°. The data indicate
that, for a given condition of load, speed, and trim, the wetted length,
the distance of the center of pressure from the trailing edge, and the
drag increase with an increase in the angle of dead rise.

INTRODUCTION

A general program of research on the planing characteristics of a
series of related prismatic surfaces has been undertaken by the National
Advisory Committee for Aeronautics and is described in reference 1. The
primary objective of this program is an extension of the range of experi-
mental data on planing surfaces to cover the high trims and wetted lengths
of interest in the design of high-speed water-based airplanes.

This paper presents the hydrodynamic force data for two V-shaped
planing surfaces having angles of dead rise of 20° and L40°. Load, wetted
lengths, resistance, center-of-pressure location, and limited draft data
are given for speed coefficients up to 25.0, trims up to 30°, and wetted-
length—beam ratios up to 8.0, Similar data for surfaces having angles of
dead rise of 20° and 40° and horizontal chine flare are presented in
references 1 and 2. o T ’




NACA TN 2876

SYMBOLS

beam of planing surface, ft

draft at trailing edge (measured vertically from undisturbed
water level), Tt

acceleration due to gravity, 32.2 ft/sec®
chine wetted length, £t

keel wetted length, £t

1o + Iy
mean wetted length, — for these models, ft
center-of -pressure location (measured along keel forward of

M
trailing edge of planing surface), A eos T TR sin T’ ft

trimming moment about trailing edge of planing surface at keel,

ft-1b

vertical load, 1b

friction, parallel to planing surface, 1b

horizontal résistance, 1b

Reynolds number, Vmlpy/v

principal wetted area (bounded by trailing edge, chines, and
heavy spray line) projected on plane parallel to keel, 1Ipyb,
sq Tt

actual wetted area aft of stagnation line, sq ft

horizontal velocity, ft/sec

c
meen velocity over planing surface, V2 1 - ———QEE——
cos T L

specific weight of water, 1b/ft3

load coefficient, A/wb3




NACA TN 2876 3

Cr resistance coefficient, R/wb3
Cy speed coefficient or Froude number, V//gb
Ce skin-friction coefficient,
F cos B cos
5 5= 7 (cDb-cLb ten 7)
5 SfVm __Ez cos T - CLb
A Ca
C1, 1lift coefficient based on beam, ———ms =2 —
b P 2, 2 2
E yep Cy
2
C drag coefficient based on beam B __ 2 jﬁi
Dy > p v2p2 cye
2
N
CLS 1lift coefficient based on principal wetted area, =
L y2g lm/b
2
R Coy,
CDS drag coefficient based on principal wetted area, =3
pyeg /P
2
B angle of dead rise, deg
o] mass density of water, slugs/ft3
T trim (angle between keel and horizontal), deg
v kinematic viscoslty, ftz/sec

DESCRIPTION OF THE MODELS

The models are simgle V-shaped prismatic surfaces having angles of
dead rise of 20° and 40 » as shown in figures 1 and 2, respectively.
Each model is constructed of brass, has a rectangular plan form and a beam
of k4 inches, and is 36 inches long. A detailed description of the con-
struction and finish of the models is presented in reference 1.

APPARATUS AND PROCEDURES

A description of the Langley tank no., 1, the apparatus for towing
the model, and the instrumentation for measuring the 1lift, drag, and
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trimming moment are given in reference 3, and the general procedure for
meking the tests is given in reference 1. A diagram of the model and

towing gear is presented in figure 3.

The wetted lengths were usually obtained from underwater photographs,
and when photographs were not available, visual readings were used. A
typical underwater photograph of the V-shaped surface is shown in figure L.
The mean wetted length was taken as the average of the keel and chine
wetted lengths. Actually, as can be seen in figure 4, the visible stagna-
tion line appears to be slightly curved so that the actual mean wetted
length is slightly greater than the average of the keel and chine wetted
lengths. The difference, however, was generally within the precision of
measurement and therefore was neglected in the calculation of the mean
wetted length and the principal wetted ares.

A similar underwater photograph of a surface having an 8-inch beam
and a 20° angle of dead rise is shown in figure 5. The wool tufts
attached to the bottom of the model show in more detail the change in
flow at the visible stagnation line used to define the principal wetted
area. Forward of the stagnation line, the flow is seen to be principally
in a lateral direction and consists primarily of light spray which con-
tributes little or no 1ift. Behind this line, the flow is toward the
trailing edge with a small lateral component near the chines.

Only a limited number of draft data were obtained since the apparatus,
described in reference 2, for measuring the water level was not available
during most of the tests.

The serodynamic tares were held to a minimum by the wind-shielding
arrangement described in reference 1. The force data were corrected for
any residual tares that were appreciable. The quantities measured are
generally believed to be accurate within the following limits:

L08A, ID v 4 v v = o o o & o s v e 4 e e e e e e e e e e s e ... 1015

Trim, AEE « o« « « o « o o o o = o o+ o o o o o o o s s o+ oo . o 10.10

Speed, FE/SEC + v v v v 4t e e et e e e e e e e e e e e .. .. 10,20

Resistance, 1D o v v v o « ¢ « o & o o o o o o o o o o o o+« o o 10.15

Trimming moment, £t-1b . « « & & « « o & o & & o 4 4 4+« -« . . T0.50

Wetted 1ength, IM.  « v v o o o + o ot o o o o o o o o o v o .. T0.25
RESULTS

‘The experimental data for the surface having an angle of dead rise
of 20° are presented in table I and those for the surface having an angle
of dead rise of 40°, in table II. The load, resistance, speed, wetted
lengths, and center-of-pressure location are expressed as conventional
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nondimensional hydrodynamic coefficients. By following the procedure
used in references 1 and 2, the 1lift and drag coefficients are expressed
both in terms of the square of the beam and in terms of the principal
wetted area. The draft data are limited in scope and have therefore been
omitted from the tables of data. Data for the dry-chine condition were
also omitted inasmuch as the precision of the date for this condition
became marginal because of the small wetted areas. The nonplaning condi-
tions, those conditions strongly affected by buoyancy, for the surface
having a 20° angle of dead rise were not included herein in light of the
results of the supplementary low-speed schedule described in reference 1.
For the surface having a 40° angle of dead rise, all conditions where
buoyancy exceeded 20 percent of the total load (ref. 2) were considered
nonplaning and were not included.

Plots of the data are presented in figures 6 to 19. In general,
the trends with dead rise are the same as those noted in reference 2.
With an increase in the angle of dead rise, the wetted length (or area)
required at a given 1ift coefficient and trim was increased. (See
figs. 6 and 7.) The difference between the keel and chine wetted lengths
was constant for a given trim for both models (figs. 8 and 9). This
difference (fig. 10) was greater for the model with the higher angle of
dead rise and showed the same trends as those predicted by the two-
dimensional wave-rise theory of Wagner as applied in reference 4. The
experimental values are generally lower than those given by theory and
the differences are generally greater for the surface having the higher
angle of dead rise.

For a given value of Cr,;, an increase in angle of dead rise resulted .
in a forward shift of the center-of-pressure location (figs. 11 and 12).
The average ratio of ZP/Zm for each trim is presented in figures 13
and 14. Increasing the angle of dead rise decreases this ratio as can
be seen in figure 15 in which the variation of Ip/ilp with trim is

shown for both surfaces.

Draft data for the two models are shown in figures 16 and 17 where
the measured draft in beams is plotted against that computed from the

1
keel wetted length. The computed draft is defined by 7? sin 1. These

data show evidence of pile-up of water at the keel for both models at
high trims. The asmount of pille-up generally appears to be least for the
surface having the higher angle of dead rise.

Figures 18 and 19 present the total drag and the induced drag
computed from the 1ift where the induced drag coefficient is defined
by Crp ten 7. The difference between the measured drag and the induced
drag is the friction drag. Comparison of these figures indicates that
the increase in angle of dead rise results in an increase in frictiomn




6 NACA TN 2876

drag for a given 1ift coefficient because of the greater wetted area.
At the higher trims, the friction-drag component is small or negligible

as compared with the induced-drag component.

The calculated skin-friction coefficients for trims where the fric-
tion 1s appreciagble are plotted against Reynolds number in figures 20
and 21. In calculating the skin-friction coefficients from the test
data, the values obtained from faired curves of total drag coefficient
(figs. 18 and 19) and the values obtained from faired curves of mean-
wetted-length—beam ratio (figs. 6 and 7) were used to improve the
precision. The grouping of the data with respect to the Schoenherr
and Blasius lines suggests that the boundary layer at the higher Reynolds
numbers was fully turbulent and that the friction at larger scales may
be calculated with reasonable accuracy from the Schoenherr line (ref. 5).

CONCLUDING REMARKS

The effects of an increase in angle of dead rise on the planing
characteristics of a prismatic surface are, in general, those that would
be expected from a consideration of the change in geometry caused by a
change in the angle of dead rise. For a given condition of load, speed,-*
and trim, an inecrease in angle of dead rise Increased the wetted length
and hydrodynemic resistance and moved the center-of-pressure location
forward. These results are also consistent with those obtained in an
investigation of the effects of increasing the angle of dead rise on the
planing characteristics of prismatic surfaces having horizontelly flared
chines (NACA TN's 2804 and 2842).

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., October 22, 1952.
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TABLE I
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EXPEAIMENTAL DATA OBTAINED FOR A PLANING SURPACE HAVIRG A 20° ANGLE OF DEAD RISE
LANGLEY TANK MODEL 276
Everage kinematic viscosity =10.55x 10'6 rtz/sec; speclfic weight of tank water = 63.% 1b/cu rﬂ

Trim,
c c 1 1 T i cp, c c

T, A v Cr | o x| 2 D,

deg b b b b Iy b 8 8
2 0.85 | 9.27| o0.37| o 1.47 | 2.92| 2.49 |0.0198 |o0.00 0.013 | 0.0050
2 2.3 5.67 | 101 3.7 22 ) 6.681 32 | .ous6 | .o 009 | .00k
2 2.13 .70 90| 3. .52 | 5.95 2.316 o453 | .o191 | .o10 | .oou2
2 2.13 | 1664 93 @ 147 | 2.92] 1. 20200 | .0087 | .o+ | 005
2 4.2 13.48 Se E.SO 6.97 | 8.u42 86 +0u468 0262 'oog «00
2 4,26 13.?& 2.17 .Zg 5,97 | 7.42| 3.39 +O46 0236 . .
2 426 | 19.89 | 2.06| . 2.19 | 3.70| 1.59 | .02L L0104 | .010 | OO
2 Loob | 20065 | 1.98| 62| 2.09 | 3.55( 1.59 | .0200 | .009 .010 oob;
2 4.26 | ,23.12 | 2.0% 147 | 2.92| 1.50 | .0158 | .007 J011 | .0052
2 6.39 | 16.78 3.62 — ——— ~e=| 4,59 .8,’:36 .0258 - -
2 6.39 | 17:02 | 3.32| k.25 9.72 g.lB u.os | .oy | 0229 | .o08 | .ooko
2 6.3 | 17.02 | 3.39 5.00 | 6.50 | B.00| 3.90 | .ow | .0233 2007 8836
2 6.39 | 20. 2. 1.88 [ 3.3 | k80| 2.52 .0318 | .01 010 | .o00B2
2 6.39 | 20. Swou | 1295 | 3.57 | s.00| 2. om8 | .0151 | .009 | .o0uk
2 6'89 25.50 | 2.55| 0 T | 2.92| 1.2 .0133 w0078 | .013 | .005
L .85 6.16 12 . 1.09 | 1. 63 o 006 OWl 00
L 2.13 | 7. 9| 2.8 | 3052 | b.22| 243 | .0795 | .OL -023 0052
4 2.1 7. 6 | 2.22| 2.96 | 3.70| 1.6 .o782 | .0169 | .0 .
L 6. 10.36 | 1.67| 5.88| 6.59 | 7.30] k. 21238 | .0323 | .01 .0039
L 6.39 { 10.28 | 1. 5.88 | 6.59 | 7.30]| u.% . 20320 | .01 -0049
y 6.39 | 1275 | 1. 2.50 | 3.22| 3.92] 2.2 20785 | .0192 | .02% | .00
L 6.39 | 12.81 | 1. 2751 3.46 | §.18] 2.52 | .07 . -023 ggze
L 6.3 | 12.9 1061 | 2.27| 296 | 3.68| 2.%2 | .07 019 .0 . 73
y 6.39 | 16. 1.27 zo 1.21 | 1.92] 99| . . 2037 | <00
N 6:39 | 16:93 | Ioi6| 2| 1.3+ 2.05{ 1.05 “oute | 030 .033 | .0076
L 6.39 16.32 T | .50 | 1.21 | 1.92 1o | .omb | o.otor | 037 .008
Y 6.39 | 17. Iue | 38| 1.09| 1.80f 1.1 | .ou39 [ .010 . .0
% 6.39 | 19.92 1.3» 55| 1,00 | 1.75) .72 | .032 006 -032 0067
Y 6. 20.07 | 1.5 Al 142] 1.05 | .0m w0072 | .o%s | .o101
4 10.85 | 13.12 2.89 | 6.50] 7.22 | 7.92| Se07 | 1237 | .0336 | .017 | .OO4
L 30.65 | 12.16 | 2.81 | 3.00| 3.72 | be2 z.gg 0816 | .021s | .022 | .00
} 30.65 | 16.3 2.7 | 3.00| 3.69 | .38 2. 20797 | .0205 | .02z | .00%6
N 30.65 | 16. 2.73 5:80 | 3.52 | uizo| 2.52 | 0777 | .o199 | .022 | .00
M 30.65 18.36 2. 1.62 | 2.3 | 3.0 1. 7& 063 | .otke | .027 .ooZz
% 10,65 | 18:55 | 2.50 | 1.50| 2.21 | 2.92| 1. J0626 | .0148 | .02 0067
y jo.eg | 18051 | 2050 | 107 | 2. | 3.12| 1.7 | .0622 [ .o1k6 | .026 | .0061
y 10065 | 22002 | 22| T.50| 1.2l | 1.92( 1.1% | .04 ~0100 .% ooae
y 30065 | 25.01 | 247 Jd2| .84 1.gg B | .0 0079 | <009
Y 39.17 | 17.3 5.30 | 6.75| 7.4 | 8. 5.1 . w0352 | .017 | .ook8
L 19.17 | 17 5.30 | 6.62| 7.3 | 8.05| 5.2 1 10343 | 017 | .0OM7
y 19.17 | 19.63 51 bozo | 5235 | 6.00| 3.63 | 0975 | .0260 | .019 | .0050
y 19.17 | 21.9 9| 3.00 | 3.72 | bb2| 2.70 20795 | .o20% | .021 | .0055
L 19:17 | 25.36 | wes6 | 1.50 | 2.21 | 2.92| 1. s0605 | Lok | .02 00
% 27.69 | 2105 | 6.:981 6.i2 | €84 | 7.35| W65 | L1250 | .03 01 .ookg
L 27.69 21'83 7.50 | 6.25 | 6.9% | 7.62| 7L | -121 .032 .018 | .o047
% 27.69 | 22. 2.1 52 5.9k | 6.52 | 4.05 | .10 -0 018 | 0049
Y 27.69 | 22.88 292 | &6 5.32 6.10 E.96 21058 | .0 .020 83‘1:2
y 27:69 | 23.12 | 7.3+ | s5.25( 5. ce8| ©.38 | 103 | .o2m | .017 | .
1 27.69 70 6. %,00 ] %71 | S.u2| 3.5% . 0229 019 +OOU9
y 27.69 | as.01 | 6. 3.0 uool | %92 | 3.15 | o885 | .0210 | .02l | .00%0
y 27.69 gz.o7 7:43 | 3.62 gk | 5025 | 3.3 w0882 | .023 | .o19 | .0052
L 36.21 .03 2l | 8.00| 6.7 | 7.2 Zl» Jiash | .031 .01 .00
K 38.o1 | 24.61 | 9.93 | 612 6.78 | 7.2 | W62 | 1195 | .032 .01 0048
% 3ot | 24.85 | 9.02| 5.50 | 6.22 | 6.92 b.ga 172 | .0292 | 019 | .0047
6 85 | u. 1o | “i38| e8| 1.38| .87 | .0Blo | .01y [ .092 | .0230
6 85| u, R -0 1.00 | 1.50 63 | -0779 | 0129 | .0 0129
6 85 | u.8 a7 - 1.30 | 1. . .o75 | .03 | .o55 | .o110
6 23| 7.8 6| .88 1.% 1,881 1. .07 .0162 .357 <0122
6 639 | 9.70| 1.30| 2.25] 2. 3.25 | 1.83 | .13 <027 o9 | o100
é 6.39 | 10210 [ 1.21| 2.2 z.g 3.25 | 1.91 | .225 20238 | .o | .0087
6 639 | 10216 | 1.21| 2.28 | 2. 335 1.78 | 12 .0231; . 0083
6 6.3 | 10016 | 1.28| 2.25 [ 2.75 | 3.25| =2.01 | .1238 | .02 o5 | L0091
6 639 10.? 1o3% | 2025 | 2075 | 3.25| 2.0 | 1195 | 0250 | .O43 | .OOL
6 6.39 | 12:87 | 127 .75 | 1.25 | 1.75| L.1%+ [ .0772 g%gg .062 | .0122
6 6.29 17.02 | 1.23] o t50 | 1.00| iz | .ot | . .08 0170
6 10.85 10.@ 2.16 | 5.00 5.50 | 6,00 3.53 | .18 0377 | .0 0069
é 30.65 | 104 2.3 | B 200 | 5.50| 3.3 a7 o3k | .0 00
6 10.65 | 1101 | 2.27 | u.62 | 5.13| 5.62| 3.27 .1% 20373 | .0% | .007
6 10. 1.0k | 2. h.zg 5.00 | 5.50| 3.27 | 1 20390 | . 0&5 .00
6 J0. 12.05 2.05 | 2. 2.97 | 3.55| 2.0% | .2 o1 | . -0081
6 10 1253 | 2.03| “u75| 1.25 | 1.75| 1.08 | .07 w0148 | .o62 | 0118
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TABLE I - Continued

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVIRG A 20° ANGLE OF DEAD HISE
LANGLEY TANK MODEL 276
Trin, i 1 i 1
c c | | x| 3» Sp 52 Cp
oz A Cy R [ 3 3 3 L, b 3 s
6 10.65 | 21.9 21| o o.go 1.00( 0.60 | 0.0451 | 0.0088 0.090 0.0176
6 19.17 | 12, 3.97 7'38 7. a.gg Z°13 2454 | 0508 .031 0065
[ 19.17 | 1a. l3.91. 6.88 | 7. g. o1 2415 | .o491 .033 ooﬁz
6 19.17 1a.g A1 | 7,38 | 7,88 .38 h.gs «2370 | .0508 .030 +008!
6 19.17 | 12, 4,191 7,381 7.7% 20 L, g .2326 +0510 . o&o .0066
6 19,17 | 17.42 3.81 | 2,48 | 3.04 | 3.60| oo .12 .0251 .0i2 .0083
6 19.17 | 17. 3. 2.38 | 2.88 | 3.38] 2.10 .12 .02 043 «0081
6 19.17 | 17. 3. 2.38 | 2.88 | 3,38| 2.16 .12 .0 043 .0086
6 19,17 | 22.05 3.25 75| 125} 1.75 «90 .0 .01 .063 .0107
6 19.17 | 25.25 021 25 <75 | 1L.25 .78 .0600 | .0101 . oogg
6 27.69 | 15.16 071 7.25 | 7.75 | 8B.25| s5.10 .2410 | .0530 .03 .
6 272.69 | 172.51 5.99 | %.90 40 | 5.90( 3.75 .1806 | .0391 .033 0072
6 27.69 | 17.66 5.75 | .62 212 | 5.62| 3.63 1776 | .0370 «035 gggz
6 27.69 | 21,29 30331 2,381 2.88 | 3.38] 2.13 1222 | 023 oh2 .0082
6 27.69 | 25.41 o 1.00 | 1.50 | 2.00 W11 «0859 | .0157 <057 .010
6 .21 | 17, 74901 7,12 | 7.62 | 8.12]| 5.1 o2 .0516 .0 «006,
6 «21 | 20.16 247 | L2 | 532 | 5.62( 3063 <1782 | .0369 .035 .00
6 «21 | 24,1 7.7 1 2.62 | 3.2 3.62| 2025 1244 | L0251 . oogg
6 21 | 24, 7.03 2.&3 2.88 3.&2 2.07 1210 | .02 Oh2 0081
6 <21 | 24,55 | 7.51| 2. 2.90 | 3. 2.13 2202 | . 041 .0086
6 .21 | 25.41 7.04 | 2,12 | 2,62 8'12 1.83 1122 | L021 043 .008
6 53.25 | 2i. 11.61 | 7.00 | 7.50 .00 -— #2397 | .052 032 .00
6 325 | 24,28 | 11,11 | 4.50 <00 5.&) 3.12? .1807 | .03 .036 007
3 3.25 22.01 11.01 .00 «50 | 5, 3. 13% .03 .038 007,
12 .85 . “g 12 «36 «60 +30 .0 L0143 .22 .0397
12 2,13 | %.82 . 1400 | 1.2% | 1.48 .78 183k | .03 o1 K oegg
12 2.13 7.23 Eo <10 29 «68 % .0816 | .01 «209 .
12 «39 | 10,25 | 1,57 .38 <81 .85 . .1216 | L0 ol 0459
12 «39 | 12,50 | 1.51 .17 RA ZO «33 .0818 | .o19 o1 0439
12 N 12,93 | 1.k6 .10 .35 +60 39 <0764 | .01 »218 0497
12 10.65 9.&3 2.61 | 1.70 | 1.90 | 2.10| 1:32 24161 L0592 .127 .0312
12 10.65 | 10, 2.48 95 1 1.1 1.k2 «90 1826 | LOh2Y 153 .0356
12 10465 | 26.23( 2.58 .10 . 62 .10 .0810 | .0195 .22 02
12 1917 | 9. L7 | We02 | 4.35 1481 2,85 1079 | L1001 «09 .0236
12 19.17 | 9,82 lr.zg 3.98 «21 | W5 3,00 «3976 | .098 . .02
12 19.17 | 12.50 [ &, 1.% 1.89 | 2,12 | i.38 2454 | 059 .130 .0315
12 19.17 | 12.57 | 4,50 | 1. 2,00 | 2.20 1.‘33 2427 | L0 2121 .0285
12 19.17 | 17.69 Y, k2 68 «92 . 1225 | .02 .180 0407
12 19.17 | 17.75 | W01 .38 «61 .85 A48 1217 | .02 «200 0459
12 19.17 { 22.00 4,53 .02 +26 Eg .21 .0792 | .0187 «305 071
12 19.17 | 2%.75 | 4%.53 .2 . 24 +0626 | 0149 272 o&g
12 27.69 [ 15.30 | 6.72 | 1.55 ] 1.7 1.23 ikt «2366 | .057% .1l .0327
12 27.69 | 17.77 70| 1,00 § 1.24 | 71, g 75 | Jo42 1] . 02“2
12 27.69 | 21. 6.57 «30 A2 55 .48 21198 | .02 .28 +087,
12 27.69 | 25.16 6.72 .18 42 .65 ;g .087 . .20 .0505
12 36.21 | 12.20 g.zz 2.3 5.59 | 5.82| 3. %862 . .087 .0222
12 36.21 | 12.41 <90 .9 5622 | 5.l 3.48 4702 | L1155 .090 +0221
12 36.21 | 15.19 8.98 2,50 | 2.6 2,8 2,22 23139 | L0775 2117 .0288
12 36.21 | 2%, 8.5 &2 6 gg 438 1216 | .02 179 .
12 36.21 | 25.40 B.Zg «35 .58 . 45 J122 | L0 . ogg OU55
12 53.25 | 14,73 | 13, 5.35 | 5.59 .82) 3,75 . «1260 . 0225
12 3.25 | 16. 13.»3 3. 3.33 10} 2.97 3960 | . +100 <0253
12 3.25 | 21.22 12.;1 1.60 | 1. 2,08} 1.4 «2365 | .0 .129 .0309
12 93.25 | 24,28 | 12, 1.00 | l.24 | 1,48 g 1807 { .O%35 1 .0351
12 53.25 | 25.29 12.& 1.02 | 1.26 1.220 . <1665 | 0430 ogg 0317
12 .29 | 17,23 | 17. 5e 30 s.l.;g 5,681 3.50 .4733' .1203 . 0219
12 «29 | 21,20 | 17.32 2.22 2. 3.02| 2.10 .32 0771 11 <0277
12 +29 1 23.97 | 17.10 [ 1.68 | 1.9% | 2,20 1.4 2447 | L0595 . +0307
12 <29 | 29.16 | 16,85 1.50 | 1.72 | 1.92 1.72 -e2221 | L0532 .1 0311
12 7.33 | 18. 22,79 | 5.50 o7 z 8| 3. ng .1317 .0 .0229
12 87.33 | 20.98 | 22.16 | 3.95( 4.18 L2 2,79 .39 <1007 .095 0241
12 7033 | 2434 [ 21,58 [ 2,52 | 2.76 | 3.00 1.93 <2948 | .072% .107 <0264
12 «33 | 25.32 o5 2.&g 2.28 2.62| 1.70 272% | . 0672 1 .0282
B e aEl om) | R B g A e | o
1 . . . . . . . . . . .
18 2,13 °21 .76 .88 | 1.01 | 1.15 .89 +2404 o%g ) .238 .
18 2.1 . .62 62 .78 .92 .63 .2 -0680 300 .0872
18 2.1 .8 66 .55 .68 B2 (75 [ 1789 | .ossu . 302 0815
18 2131} 7.32 .7 A2 .26 REER Ez L .0 0274 . .10
8 6.39 1 1037 | 2.1 20 [ o3% 48 G5 o11 0402 .39 - 1182
13 16. 3 13.& g.%‘éj 88 1%12; 1.28 l;g 237153 g%ﬁ g:-;g .%793
1 0. . . . . . . . . . - .
18 10.65 | 9.49 3.57 .75 .91 1.og 63 «2365 | .0793 .280 0871
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TABLE I - Continued

NACA TN 2876

EXPERTHENTAL DATA OBTAINED FOR A PLANIRG SURFACE HAVING A 20° ANGLE OF DEAD RISE

LANGLEY TANK MODEL 276

Trim, 13 1 1

| B e BB Bl R m| % | G| o
deg

18 10.65 | 10.92] 3.67 | o0.50] o0.64| 0.78 0.43 | 0.1 0,061 0.2 0.0961
18 10.65 16’23 .61 o1k .28 .20 . .02 53 .1957
18 19.17 a.ga 66 2.50 | 2.6% 2.gB 1.8% .11:373 1730 .188 0655
18 19.17 8. 6.6 2,60 | 2,72 ] 2.82 | 1.72 4862 .1650 *179 .060
18 19.17 | 9.88| 6.60 | 1.85| 1.99 | 2.12 [ 1245 +3928 .1350 <197 ggg
18 19,17 | 9.91 6.2& 1.80| 1.93| 2.05 | 1. . ogag «202 .

18 19.17 | 12.50| 6. .85 «99 .12 . . . «2u8 .0
18 19.17 | 17.5%| 6.5% .25 32 .52 ¢ | L1 +Olb2l .39 .1087
18 19.17 | 21.90| 6.52 0 1 «28 . Og .0799 L0271 . .1935
18 19,17 | 25.16| 6.50 o o1k .28 . 0606 +0206 433 2471
18 27.69 [ 15.1 9.27 .80 <9 1.10 gg .2419 .0810 «255 .oage
18 27.69 | 15.1 9.41 .82 .9 1.10 . .2410 .0820 «251 .08
18 27.69 | 17. 9.43 «50 o6 .78 43 .1788 «0610 *279 .09
18 27.69 | 21.20| 9.20 .25 «39 .52 ga oggz 0407 .06 .10
18 27.69 | 25.31| 9.37 15 .28 . . 7@ 0293 818 +2093
18 .21 | 12.35 .31 2.5 | 2,63 2.75 | 1.7 ol «1610 .181 L0612
18 3f.21 [ 15.19 (22,36 | 1.22( 1.37] 1.5 «95 » 3140 +1050 . .0766
18 36.21 | 17.02 | 12,26 .88 | 1.01 | 1.15 .71 <2500 0845 .2 . 037
18 36.21 | 24.6%|11.98 .22 26 «50 g_ll» .119 +0395 . 831 .1097
18 53.25 | 14.70 | 18,16 2.% 2,66 1 2,78 | 1. 492 .1 .85 828”2
18 53.25 | 16.53|18.11 1. 1.93 | 2.08 | 1.27 .3898 .1330 «202 0689
18 93.25 | 21.11 ] 17.89 75 . gz 1.00 .62 «2390 .0803 «275 0923
18 3,25 <40 [ 17.90 «50 . .78 gen .1790 .0601 «280 09
18 3.25 | 25.07 | 18.09 &8 o5 . A2 +169% <0 .34 .1067
18 70.29 | 17.23| 24,31 245 | 2.58 | 2.70 | 1.72 473 51 .18 0636
18 70.29 | 21.20( 23.98 1.15 [ 1429 | 1,42 26 <312 .1067 242 .082
18 70429 | 24,25 | 23.6% 75 «87 | 1.00 . .2391 +080% «27 092
18 0429 | 25.47 33.8 Zg 84 .98 . .2167 «0735 o2 .0875
18 7433 | 21 .go o7 2. 2.3& 2.68 | 1.82 L4995 | L1703 .197 .0670
18 7.33 | 20. 29.50 | 1.75| 1. g 2,02 | 1.36 L4002 <13 2212 0715
18 7.33 | 23. 29.14 | 1.12 | 1.2 142 37 »3125 «10%3 o241 .081
28 87.33 | 25.25( 29,10 .80 97 115 | .83 <2740 .0910 «282 .09
24 2,13 | .21 | 1.00 .58 67 .75 -z « 2404 .109 .359 21634
24 6.39 | 10.10 2.82 .15 .2 .32 .09 «1253 .0 31;3 2470
24 6. 12,72 2. 1 g,g .06 .0 LO03M1 . .21
24 1085 | 9.36| 4. .62 71 . *36 .2 »1095 .g;z 15%2
24 10.65 | 10.98 h.& 32 it5 .58 .18 «1767 .0787 . 1749
2% 20465 | 16.51 | Y. - .15 .£ — +0792 +0362 .52 213
24 19.17 | 8.75| 8.76 1.75 | 1.82| 1. 1.c7>g »5008 «2280 .275 .1253
24 19.17 | 9.91 | 8.6% [ 1.15] 1.24% 1.332 . « 390k +1760 W35 <141
24 19.17 | 1241 ] 8.46 .60 .71 . 2 2490 «1099 .351 .1
2 19.17 | 17.69| 8.53 .15 .28 0 .18 +1225 0546 .38 .1950
24 19.17 | 25.22| 8.72 09 .18 «06 .060 0274 670 3015;\'
24 27.69 | 15, 12.38 .62 .71 .80 48 zlmg 1095 345 1542
24 27.69 | 17.72 | 12.27 .32 RS .Eg 24 «176% 0781 392 1736
24 27.69 | 21.20|12.32 .18 .29 . .21 a2 .0548 25 .1l
24 69 | 25,07 | 12.3 .12 .27 L0 «06 .0882 .0391 .327 .1
24 .21 .gg 16. 1.45 | 1.63| 1.80 | 1.20 +5038 .2 .309 <1411
24 21 | . 16,2 «92 | 1.00| 1.08 +66 «3272 1570 .327 .1470
24 «21 | 20,01 | 16, .35 &6 Eg 27 «1809 . .&93 1739
24 «21 | 24,92 | 16.3% A2 .27 . 24 .1166 .0527 033 .1952
24 23.25 | 14,58 2%.0% | 1.55| 1.70) 1.85 | 1.17 +5010 «2270 . 303 1335
2y 3.25 16.% 23.8g 1.15 | 1. 1.»5 zo 338& .17 . 21372
24 3.25 | 20. z3.g .62 «70 o7 52 <2476 .1105 .Esu «1579
24 3¢25 | 24.31 1 23.85 .25 . <55 «27 .1802 .0805 50 .2012
24 29 | 16.78 30.% 1.75 | 1.85 1.gg 1.20 4593 .2160 «270 .1168
24 70.29 16.33 . 1.720 1.22 1. 1.13 .{:ggs #2210 274 .12
24 70.29 | 17. 2.1 1.55 | 1. 1.72 zg . #2210 «29% .1
24 70.29 | 20.98 | 31, .90 <99 1.08 . g 1429 .323 L1543
24 70.29 | 25.01{ 31.66 «50 <59 .68 o3 . .1010 .381 W1712
24 87.33 | 18.60| 39.3% | 1.6 1.7% | 1.82 | 1.11 5049 «2270 «290 . eos
24 87.33 23.52 39.22 .8 96| 1,05 - .3157 .18 .329 1 g7
30 -85 «58 Ak | 0 .06 .12 —- .0810 0419 1.350 .6983
30 2.13 e.n 1.21 .z_g .96 | 1.02 .78 4405 2440 . 129 gzhz
30 2.1 12 1.11 . o5 «60 .33 .2510 .130 H65 .2426
30 2,1 21 1.2 «50 .56 62 .30 . .132{ 429 +2402
30 2.13 | u.82| 1.12 .30 .36 J2 .18 «1834 g&* 5% .2678
20 2.13 | 2.23] 1.5 .06 .12 27 .081% Ol 1.2 .7
30 6.3 | 10.10 .36 .12 19 «25 .15 .12 +0696 .859 +3663
30 6. 12,75 8.38 .06 12 2& .0 Ol | 1.307 .73
20 10,85 | 9. 6.14 .52 39 .sg . 2416 2139 . )
3 10.65 | 10.83| 14.16 .35 A1 . .21 .1816 .102 143 .2507




NACA TN 2876

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20°

TABLE I ~- Concluded

LANGLEY TANK MODEL 276

ANGLE OF DEAD RISE

Trim, f ¢ c e | | i | % c c c
el | D
deg a v K b b b b Iy Dy ‘1 s
30 10.65 [ 11.19 | 6.10 | 0.32 | 0.39 | 0.45 |0.06 |o.1701 |o. o436 | 0.2497
30 10.65 | 26.26 | 5.8 - .- - - .0&06 .m e ~——
3 1917 | "8.72 (11.18 | 1.30 | 1.36 | 1.k2 | .78 | .sok2 | .29w0 | .3;2 | L2162
30 19.17 | 9.70 |10.97 | .98 | 1.0% | 1.10 | .60 | bo7s | 2330 [ .392 | .
30 19.17 | 9.76 (11.12 | 1.00 | 1006 | 1.12 | .60 | 4025 | .23%0 | . 2217
30 1927 | 12.47 1083 | g0 | o7 | e | .33 | o266 | .15 | Lhay | .2dg
30 19.17 | 17.48 10, s | 28| . A8 | 1pss | 0896 | . .3
3 19.17 | 21,84 |10.58 | .12 { .19 ( .25 | .28 | . . 23 | -2
30 27.59 | 15.10 [15.75 «50 56 62 39 «24 +1380 43 o2
30 59 | 17.75|15.80 | .35 | 1| 48 | .30 | 1758 | J1005 | Ju29 | .24
30 27.69 | 235 (15,89 | 12| | .3 | B | sty | 0689 | o | .32
30 27.49 | 25.32 |15.62 06| 2 | .3 | 0By | .ou7 | 1.kb2 | .Bi17
30 %2l | 12.20 [20.88 | 1.28 | 103k | 2o | B4 | .48 2810 | "33 | L2097
k" %21 | Bgh |20.95 | g5 | BL| Tu87 | 48 | by | 1870 | hod | .2309
30 36.21 | 15.10 | 20. 72| opa| 85| s | ouzé | swo | . 2304
30 %2 | 15312109 | 78 | 85| .92 | by | o:Ek | 83 | .32 | .als
30 36.21 | 15.25 [ 20.6 25| 81| B8 | . Guw | azs | . 2195
30 %.21 | 2001 20,65 | 2| 3| | 8 | JS10 | 0% | Gew | .26d
30 36.21 | 20.13 (20. I I IR RS e v L s 1 2912
30 %21 | 2015 121,07 | 32 | .39 | chs | & | pg | 1o a 2
30 3621 | 2871 (20029 | .12 | 9| <25 | .2 | 11 oty | g2k | 3ol
30 .21 | 286120033 | 12 | a9 25 | . | .72 | .0 617 | L35
30 53.25 | b6l | 30,50 | 1.32 | 139 | 1k5 | 4589 | L2860 | .359 [ .20
k) 53.25 | 16.20 (30,63 | .38 | 1.0% | 1010 | .63 | .40 230 | 3o | .2250
30 53.25 | 18230 |30.65 | .75 | .81 | .88 | by | .3 2 2393 | .2259
3 53.25 | 20.98 {30055 | .50 | .56 | 62 | .30 | .2%20 | 1 2 |2k
3 53.25 | 2428 |40 | 3| o3| e | W2 | 2807 | 0% | A3 | 264
kY 53.25 | 25.22 | 30, 25| o 23 | .16 (0980 | .m0 | .3097




NACA TN 2876

TABLE II

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 40° ANGLE OF DEAD RISE
LANGLEY TANK MODEL 277
Everage kinematic viscosity = 11.60 x 10'6 ftz/sec; specific weight of tank water = 63.4 1b/cu fEI

Trim, 1 1 ] 3
< c C -8 -1 e 4 d 3 c
deg a & R b b b b Ly D, K o
0.8 4.6 O. — ——— — - | 0. Oe —— -
y 182 s.é 5| 200| 3% al = oy | 20352 | 0.0123 | 0,006
1 85| 7. . 1.25 | 2.82 | k. 1.29 | .0277| .0159( .009 .0056
N 2.13 | 10.80 | 1.1 1.25| 3.00| 4.75| 2.19 .gask 0202 | 0121 | .0067
L . 13.63 | 1.91 1.33 3. 5.12 2.37 . <0, .01 .
1 <39 | 18.99 | 2.95| 1. 3.50 | 5.12| 2.53 oldfz .0 .01 .0058
N . 20.13 13.10 e | Tie| Taec],2.89 | .0: .01 - -
L 10.%5 | 16.50 72 | 5.25| 7.00 | 8.75|" k.26 0782 . .0112 | .0049
N 10.65 | 18.09 | s5.2% | 5.00 6.‘7)‘; 8.50| 3.81 | .06 0319 | .0096 | .00
N 10465 | 19.70 | 5.35| 3.25| s. 6.90| 3.27 | .0 0276 | .01 .00
Y4 10.65 | 19.73 S.Eo 3.62| 5.37 | 7.12| 3.42 | 057 | .0272| .o102 | .00
L 10.65 | 19.82 5.45 | 3.5 5, 7. 3. .g&z .0276 .010 .0052
1 10.65 | 21.75 | 5.33| 2.90| %.25| 6.00 2'173 L0450 | .022 .01, .oogg
N 10.65 | 21 4L.85 | 1.88] 3.63| s5.38] =a. LOui8 | .02 012 .00
N 10.65 | 24,55 | 5.00 | 1.25| 3.00 | G.75| 1.98 | .03 | .0166 | .o11 .0055
Y4 10.65 | 2%.55 . 1.75 | 3. 25| 2.25 | .03% | .0185| .oto1 | .00%
N 19.17 | 23.12 72 | W.75| B.50 | 8.25| %.1i | .0717| .03 .0110 | .00
1 15.17 22.16 8.73 | %.25| 6.00| 7.75| 3.27 | .0606 | .037 .0101 | .
6 . .16 . 1,17 | 2,35 T---| .o448| .0152 .ogge .0130
é 2.1 9.70 73 .38 | .54 | 2,70 1.25 | . g& .015 .0 0101
6 4,20 | 1043 | 1.9 | 2.00| 3.6 | b.32| 215 | . .02 L0248 | .008
6 . 13.69 | 1.50 | 1.00] 2.16 | 3.32{ 1.29 | .ohs L0160 | . .
6 «39 | 1245 | 1.97 | 2.37| 3. g0 2. .082 .025 .0280 | .0087
6 29 16.99 | 2.26 75| 1i.91 | 3.07| 1. . .01 .0232 | .0082
6 10,55 | 13.12 3.&1» 4,62 | 5.78 | 8.95| 3. 1237 | .0388 | .o02ik | .0067
6 10465 | 13.21 | 3.0 | %.75| 5.93 7:02 3.;3 1220 [ L0391 | . 00
6 10.65 | 18.26 | 3.48 | 2.25 | 3.4 | k.57 2. L0806 | .026k | .0236 &og7
6 10.65 | 21.81 3.6g 75 ] 1. 3.00 1.& . 5 | .02k .
6 10. 25.16 9 . 1. 3.82[ 1. .03 20126 | .02 007
6 19.17 | 15. .32 | 6.70{ 7.77 | 8.82| 5.10 | .1598 | .0528 | .0206 | .0068
6 19.17 | 17.75 Zgg 5.2 | 6.19 | 7.25| 3. J217 | L0379 | .0197 | .0061
6 15.17 | 21.87 N 2.75 | 3.82 | k.90 2.2 . .02 «0 0066
6 19.17 | 2%.80 | 6.3% | 1.75 2 4,25 | 1.6 .0623 | .0198 | .o .0066
6 27.69 2033 3.03 .00 | 8.16 | 7. 3.87 | .12 L0412 | .0205 | .0067
6 27.69 | 22. <95 12 3.26 6. 3.27 | .1 .oahg .0201 | .0065
6 27.69 | 25.25 | 8.80 | 2.88 | %.00 | 5.12| 2.61 | .0869 | .027 .0217 o%g
6 27.69 | 25.95 | 9.01 | 2.75{ 3.91 | 5.02 ga .08 L0267 | .0210 | .006
6 .21 | 21.35 | 13. 6.50 | 7.61 | 8.82| w80 | 1 L0512 | .0209 | .006
6 .21 | 2%.10 | 11. E.lz 6.28 | 742 ] w.02 | 2247 . .019% 0063
lg 2}5 2».?'% 11.37 .25 5'3% g.sa 3.% 1166 .ggéog .ggzlg '83&3
12 2.1 7.23 3 E? 1. 1.2% .62 | .0816 | .o2m1 .ogos .0232
12 4.2 6.92 | 1.1 1.70 | 2.21 | 2.72| 147 | 779 . . .0225
4.26 | 10.37 | 1.22 g . 1.37| .| .o792 ]| .0226 | .0921 | .026
12 6.3 | 10.22 | 1. 85 1.35 | 1.87| 1.00 | 1224 | .0351 | .0%00 | .02
12 6.39 | 1245 | 1.73 . Q1 | 142 .67 | 082 L0322 . .02l5
12 29 12.45 | 1.61 . .96 1.32 .99 | .o82 .02 L0217
12 10.85 | 10.92 | 3. 1.82 | 2.33 | 2.85] 1.61 | .1786| .06 | .0767 | .o221
12 10. 1 .gé 3.1 . B9 | 1. . .0776 | .0226 | .0872 .ozzk
12 10.65 | 19. oa 3.28 Jo| .62 | 1.5 0| .osu2 | .016 . 0269
12 19.17 | 1. s.zg . 4.8 | 5.40| 3.00 | .36 . . 2 .0185
12 15.17 | 124 | 5. 3.32 | 3.63 | %15 2.3 | 248 .0701 | .068 .019
12 19.17 | 12.45 | 5.3% | 3.05 | 3.61 | ¥.17| 2.25 | .2 . 06‘83_2 .0128
12 19.17 | 12.50 | 5.50 | 3.28 | 3.75 | w.22| 2.3 | .ows%| .0706 | . .01, 8
12 19.17 | 12.60 | 5.53 2.gg 3.25 | 3.75| 2.28 | .2ui5| .0697 | .07% 021!
12 19.17 | 17..8 | 5.21 | 1. i. 2.15| 1.35 | .125 L03k2 .gg7 oe&
12 19.17 17.21' 5. 92| 1.2 | 1.92] 1.05 | .12 o6 | . 877 '8%2
12 15.17 | 17.69 | 5.2 | 1.00( 1. 2.02] 1.02 | .1225| .o36 | .0811 | .0229
12 15.17 | 21.87 | 5.57 25| .76 | 1.27| .60 | .0 gz .1053 | .0305
12 15.17 | 24.77 | 5.76 .51 | 1.02| M7 | .0626 | .o188 | .122 .036%
12 27.69 | 15.1 7. g 3.00 | 3.5 | k02| 2.22 | .2 . . .0195
12 27.69 | 17. 7.8 i.e8 | 2.39 | 2.90| 1.53 | .1752| .0500 .oggg .020%
12 27.69 | 21.29 | 7.85 | 1.00 | 1. 2.02| 1.02 | .1220| .0M6 | .o o .02
12 27.69 | 23.27 . .62 1.13 1.65| “.82 | .1022] .0392 | .09 b '85 8
12 27.69 | 25.10 .o; l;g . 1871 72| .0879| .0255 | .091 -0266
12 36.21 | 12.20 | 10.2 7. 2.85 | 8.2 w2 | . L1380 | .ob20 .012
12 36,21 | 12.45 | 10.02 | 2.i2 | 7.66 | 8.20| -« | .u672| .1293 | .0610 | .0169
12 36.21 | 12.50 10.33 250 | 7.90 | 8.bo| vz | . 1320 .8287 .016
12 36.21 | 1485 | 10.2 .52 s.gg 5.55| 3.15 | .32 .0928 | .0653 .0%00
1 jag'gi %3‘53 oom | e8| = 9 2.5 5% °177:': '0583 '36735 ot
12 36.21 | 2u.k0 | 10.06 .80 | 1.1 1.32 99 | 26| .0 .092 .02




NACA TN 2876

TABLE II - Continued

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 40° awgLE OF DEAD-RISE
LANGLEY TANK MODEL 277

Trim, 1 13

X, c c l i pa) 53 ¢

deg a v ‘r .TJQ —l? _l‘:‘ b b CDb S

12 36.21 | 25.13] 10.29 =ss | e==| == [ 0.90 |0.1147 | 0.0326 Jo.

12 -2 | 25,16 10,04 | 0.88 | 1.39 | 1.90 | .9 qik2 | Lo 7{ 0.0822 |0.0228
12 53.25 | 1449 1546 7.50 [ 8.05 8.22 Y, L5072 | .1 .06

12 53.25 12.1 15.03| 7.62 | 8.13 | 8.65 | u.i7 | k€16 | 236 .

12 93.25| 16.26| 14.87| 5.85 | 6. 6.87 | 3.90 | . .112 .0633

12 23-25 1 16,321 15.54 | 5,75 [ 6,25 | 6.25 | 3.96 | .39 L1166 oé&o .0187
12 53.25 | 20.28| 15.12| 3.3 3.23 Lo | 2,49 | 2589 | .o73 0666

12 53.25 2o.gu 15.01§ 3.1 . L.18 z.ug .2 .072 gggz

12 53.25 | 20.35| 15.17| 3. .51 | 4,02 | 2.2 .2 .0692 | &

12 93.25 | 21.26 | 1L.98( 3,12 [ 3.48 | %.15 2.? .23 0662 | .0640

12 3.25 | 2440 | 15.17 [ 1.50 | 2,06 | 2.62 | 1.83 | 1 .0508 | .0868

12 70. 16,90 | 20.52 Z.z 7+79 | 832 | 3.72 4920 1436 0622

12 70.29 | 20.92( 20,27 &4, 4,86 ( 5.35 | 3.0 .3212 | .092k [ .0681 | .0190
12 0.29 | 24, 20.09 | 2.80 331 E' 2 | 2.1 «231 0662 | .0699

12 7.33| 2u.L6| 25.32| 3.95 ug <95 | 2,79 | .231 . .

18 85| 4.6 28] "0 | . .gg =~ | .0800 | .0262 | .17 «0570
18 2.13| Y4.21 .75 1'§§ 1.56 | 1. 1.33 - 2404 . L1501 5L,
18 2,13 4.88 .gs . 1.3 l.50 | . .1788 | .06 1502

18 213 . B2 a . 781 .36 | .0795 | .0 .1728

18 <39 6.h1| 2.28( 1.98 | 2.29 | 2.60 1.;; .10 | .i10 | .13

18 <39} 10.22| 22| J50 | .81 )| 12| . Jd22% | .oks2 | L1511

18 . 13.72 2.35 <10 Wbl .72 | .30 | L0678 | .o2s0 | .16%k

18 10.65| 9.20] 3. 2 1.50 | 1.81 | 2.12 | 1.1 2463 .ggzg 361 ) .

18 10.65 | 9,06 3.g6 1. 1,81 | 2.32 | 1.1 .2380 . | 235

18 10.65 | 10.89] 3. . 1.&3 1.30 Z 1796 | L0652 | .1509

18 10.65 | 16,10 W91 12 . . A2 1 o.0822 | . 8aoz JA712

18 19.17 .72 <991 3.50 { 3.81 | %12 [ 2.3 .Egl;z Nt 21323

18 19.17 | 9.70| 6.99: 2.90 | 3.21 | 3.52 | 1297 | ° 7{ 1 1269

18 19.17 | 12.45] 6. . 1.83 | 2.15 | 1.2 o2 .0898 | .1352

18 19.17 | 12.45] 6.59] 1. 1.91 | 2,22 | 1. 247% [ 0850 | .1395

18 19.17 | 2247 7.02| 1.45 | 1.76 | 2.08 | 1° 2 gg& .1400

18 19.17 12.30 6.59 | 1.55 | 1.85 | 2.15 | 1. .24 . L1326

18 19.17 | 17.45| 2.11| ~. A1) 132 | 7. .12 0468 | 1556

18 19.17 . 7.22| 20| .52{ .8 . . .ogoo 1529

18 27.69 | 15.01) 10.02( 1.50 | 1.82 | 2012 | 1031 | © . 21350

18 27.69 | 15.25( "9.84% 1.2g 1.56 | 1.88 1.33 .2380 0833 W1526

18 27.6% 17.21 9.95| . 1.19 | 1.50( ~. .1 . L1518 | .0%45
18 27.69 | 17. g 9.99| 75| 1.06 | 1,38 | .75 | 37790 | - 2670

18 27.65 . 10.19| .50 | .81 { 1,32 | . 21260 | o482 | .15

18 27.69 A | 10.00] .50 | .81 | 132 . L1240 | .oun8 .1

18 27.69 | 22,88 | '9.99 gg 56 | B8 .1 | .10 .0 .1 8

18 .21 | 12,05| 13.37| 3. %19 | 4,50 | 2.56 | 4988 | 182 | 319

18 36.21 | 12,20 13.32 3.33 4,26 u.za 249 |, .1788 | .11be2

18 36.220 | 12,20 13.26( 3. 4,36 | LG5 | 2, 4866 [ .1782 Jd1 .0430
18 .21 | 15.16| 13.18| 3.20 2.31 2.82 § 1.59 | .3152 | .18 | .1256 | .ou
18 36.21 | 16.65| 13. 1.50 | 1.81 | 2,12 | 1.27 | .2612 0942 | L4k3

18 36.21 zo.% 13.07/ 1.00 1'31 1.62 | .75 | .95 | . 1.13? 21337

18 36.21 | 2b. 1321 .50 | 8L | 132| & 1216 | .0 21501

18 3.2 | 25.16| 13.86( .55 | .86 | 117 | & | i1me | oz .1328 ;2
18 9325 [ 1b.55| 19.61| 3.75 | 4.06 | 4.37 2.32 .50 | .185 .12 +Ol
18 53.25 | 14,55 19.2 3.35 4,26 [ k. 2. .50 | .181 J181 | o426
18 23.23 1 1h.551 19.1%| 3.80 | %.11 | w2 | 2.65 | .50m WA . o440
18 53.25 | 16.13| 19.23| 2.80 | 3.1 | 342 | 2.02 | . g 480 | L1316

18 53.25 [ 16.28| 19.49) 2.82 | 3.13 | .45 | 3. 402 W .1287

18 93.25 [ 20.68| 18.90} 1.50 | 1.81 | 2.12 | 1.1 .2 .oagz 2

18 53,25 | 20.89 13.32 1'38 1.69 | 2,00 1.13 .2 0874 | .1

18 53.25 46| 18, .88 | 1.19 | 1.50 | . .1 .06 1496

18 70. 16.991 25.50| 3.8 | .19 | ho5o | 2055 { b870 | 117 J162 [ .

18 70.29 | 21,10 25.20| 2.08 | 2.4 | 275 | 1. 358 | a1 .1310

18 70,29 | 2147 | 24.85| 1.98 [ 2.29 | 2,60 | 1.50 | .30%0 | .1076 A3

18 70.29 | 2.h5) 25,521 1,38 [ 1.69 | 2.00 | 1.13 | 3352 .085% | 1392

18 0.29 21+.gg 25.1 1.2g 1.56 | 1.88 | 1.10 | .2258 | . 657

18 7.33 | 18. 31.73 E'B 4.6 | L.y z.;g ll:ggg .1780 | ,1178

18 87.33 | 18.91 | 31.73| .00 | %.39 | y. 2. . 1775 | .1

18 87.33 1 20. hg M.37| 2.95 | 3.22 { 3.50 | 2.0% | .uo2 A a2 .

18 87.83 24, A.52] 2.5 [ 246 | 2,78 | 10 | 291 .10 1186

2l B85 | .6k A1 .05 | .26 | T.hs 20 | .0790 | .03%0 | .30

24 2,13 k.04 .98 .33 1.16 | 1.38 ] .72 | . oggg 21096 | .2

2% 2a3| 7.26| 1. . 2] . -~ . 094 | .252

24 6.39 | 10,13 3. .32 | .55 Zg A3 | J12k5 | 0592 | .23

2% 6.39 | 12.72! 3, 0 2 . -~ | 0790 | .0380 | .3762

2y 6.39 ( 12.75( 3.11 a2 | . 60 | .36 .0 .0383 | .2183| .1
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TABLE II - Continued

EXPERTMERTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A %0° AWGLE OF DEAD RISE
LANGLEY TANK MODEL 277

Trin 1 1 c
el Bl @R R | % | |
deg
24 1065 | 653|502 | 2.4k | 2.65| 2.8 | 1.62 |o.b99s | 0u2as5 0.1885 | 0.0889
2 10.65 | 7.25| G.ok | 1.85 | 2. 222 | 1.3 .looogzm 1897 | 19 00
N 106z | 12 Bl | &M 501 I 1816 | - 2182 | 21019
2 Jo. 16.35 k| o i 2| - .2322 izé 1280
24 19.17 | 8.75| 8.89 | 2.5 | 2:71 | 2092 10 .5oog5 22 | 1848 | 0By
S| Bk | BE R R R k) | ug) o
2L 1917 | 1247 882 .95 | 16| 1.37| .80 26 | 1 2126 :%g
2 .17 | 1297 | 9:05| 9 1.% 1.3 7§ 226 | 1 2128 | 2005
2 . . s . . : s . : .
24 17| 2lise| o0 2| 18| e o o798 '18%{% 2092 | 1007
2 27.69 | 11.74 | 13.01 | 2000 | 2:19 | 2038 1o oif | lfEs | L83\ loged
2 2.8 i?‘é% ng ‘?3 1'%3 ot 1 s | 770 | . 22240 | 21053
2 . . . . : : . . . . .
2y 27.69 | 211 | 1308 | 35 | 55| Tizs| i@ | imws | ozgg gzég 1068
2 27:69 | 2wbo | 12,92 | 2 | 13| le5| 3% ‘0930 | o3 2385 |
2L 27.69 | 24.55| 13. 25 . . .21 . .gg 62 .2307 3923 .og%
24 : 201 1713 | 252 |27z | 292 | .85 el | 2 oble
2% 3%.21 i1 | 17:03 3 1.63 1.85 96 | b | oama | 0933
3 . . . . : . : . : .
2| vl 1708 35| . B2 21186 | 0362 | .2010 | -09353
EN Beas | B | 3| 2% 52| 25| 1o 5010 | 2373 | g2z |
24 53.25 | . 79| 2.3 |20 | 2.5 163 | . uggg 23 | :
2 53.25 | 73| 2493 | 2.2 | 2.2 | 2:92| Lok | Ik 2298 | 1804 | lostk
N 53.25 | 15:25 | 24.68 | 250 |2.65 | 2.88| 1i62 | by izt |4 o788
24 53.25 | 16.8 | 25006 | 1.82. | 211 | 2:30| 1029 o2 % 1909 | 000
24 53.25 | 16. 82 | 180 |2:08 | 2.35 )| 1.3 | B | agle | azeq| coms
2 2352 1877 | 265 | 1ig | 1048 | L7 | 10 3088 | mem | o 0067
2 53.25 | 0. 25.a1 | “.98 [18 | 1. : 22 | 208 | -
2 ;3'39 225 ?;gﬁ aiéo | 288 | 3205 | 1o s5053 | .2 1768 | <odh7
oy 70.29 | 16. 32.96 | 2050 |2:71 | 292 | 1276 | 693 20 | bz | osey
& | 3 %3‘5-1. 5| 18 (13| 138 125 | EB | ahs |1 ad2| 8%
2 . . . . . : . : . :
S | R B BA | LB || 18| 10 | B | i | e oon
24 70:29 | Qg | 33k | 158 |10 1.32 69 | 2332 | 00 | 257 0932
% 213 | %8| 2A| 78 | 32 .08 | .51 .%h38 1385 :7236 o | 1505
3 213 | 85| 123 5o [ 5| ol 3 | aasiz | oM | l2pés 1600
2 213 | s, e I N 4 L I -op -ho0 | 1176
3 23| 7. 12y 0 ) tm| - 4 ‘oBog | oz | .2 137
) 2H 03!,; 370 1.(;2 120 | 1. g 67 | - asy | .2 153
239 | 100 . . X N : . . 3 :
B 31 19:87 o3| 2| Al ) o o772 gtﬁg 2 1490
3 ig'sg 72 ) Iz 1% Te| 955 | adk 12300 | 2526 | .1
3 N 3 : . X . . c:62 | g | a2 ‘150
10.65 . 6.28 | 1.12 {1.28 | 1.42 . 32 :
3 10.65 | 9.21| 63| .80 | - 9| 10 9 251 o8 | 26 43| 1
B 082 3% B 9| Bl 1os| | Gwm | aie | e i%lé
FRRC IR NI AR A A AE {5
30 10.65 | 16.07 | 6. dz | 3| sol B o oozg -0 :2€Z§ 1600
3 IR 3'3? o5 Tioe |5:02 235 | 1039 | 1208 | 53m 2479 ig’&
. . . . . . 200 | 473 2790 | 2427 | .
£ 1917 | 9:00| 1430 | 1.80 1.5 [ 2101 1.00 279 | 2 L3t
£ 1917 | 9.67) 11%g | 155 |1.88 ] 1. : o0 | w2uer | 2ulo |
1517 | .67 11o3 | 152 |1.65| 1.78| - . : : 2
3 1917 | 9-82| 13.38 | 168 |1l59 | 1:%0 Z§ 378 | <2360 .gsgz 148y
30 19.17 124 | 1. : .3(; Liz| b5 | o2l 60 | .2 552
191 . ! . : . .
3 1917 | 1350 | 11723 88 {1031 18| s | e | s | o2 83 1403
3 1930 | 13:8 Do 75 | 8ol 1i02| w2 :271;72 1376 ggi 1546
30 19.17 | .70} w6 | - R I e - R 1216
%0 19.17 | 17.60| 118 | 2 : : 2| : =250 | &
3 27:65 L B 2.9 ot | 22| 1ma :38:2.3 .gégg .366; 'i%a
269 | 15.15 | 16.28| .75 [ “.90] 1i05| . wohoo | k11 | . .
B a3 3 16:35| 56 | 85| 0| I3 | 1788 | 1058 | 2751 | -1é28
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TABLE II =~ Concluded

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 140° ANGLE OF DEAD RISE
LANGLEY TANK MODEL 277

Trim,

c c i L] i . c c
Bl Bl | el | | s
30 27.69 | 21.1% | 16.35 | 0.30 | 0.50 | 0.70 | O.24 | 0.1240 | 0.0732 | 0.2480 | 0.146%
30 27.69 | 21.35 | 16.35 ol .31 M5 .2 121 .0716 . ;ég 2310
30 22.69 . 16.30 .12 .32 <52 .20 .092 054, .2 »1700
30 36.21 | 12,11 21.31 1gg 2.05 | 2.15 | 1.20 1938 2934 «2L09 .1l+21
30 3%6.210 | 12,11 | 21, 1. 2,00 | 2. 1.1 1938 +2925 2469 | 1462
30 ¥%.21 | 12,14 | 21, 1.90 [ 2.0% | 2.18 | 1.1 L91h . g9 2409 | .2
30 36.21 | 15.07 | 21.h5 | 1.15| 1.26 | 1. .69 .18 .1889 2531 | .1499
30 36.21 | 15.25 | 21.39 | 1.10| 1.25 | 1. «69 31 »1840 2! <1472
30 36.21 | 17.2 21.32 .80 . 6g 1.10 o2 21439 1448 2567 | .1524
30 36.21 | 19.8 21042 . . .82 .38 .18 .1086 «2700 | .1597
30 36.21 | 20,13 | 22.21 55 +70 .85 «30 .1788 +1040 .232» 15486
30 36.21 | 24,25 | 21.48 25 °52 .80 .15 21230 gggo 2365 | .1
30 36.21 | 25.25 | 21.75 . .39 . 22 %26 .0680 203 .
30 53.25 | 16.79 31.33 1.92( 2.02 | 2.12 | 1.11 . z .2866 .20 | .1k19
30 51,25 | 16.29 | 3.2 1.55| 1.70 | 1.85 .go 1101 .2358 2361 | .1387
30 53,25 | 16.41 | 3141 1.52 1.62 | 1.72 . .325 .2333 L1 | L1
30 53.25 20.3& 31.26 . .78 .92 o51 . sl 3146 | L1847
30 53,25 | 25. 1:421.67 . .75 .Eg .27 . .09 2197 | .1309
30 29 |1 .ag 1.50 | 2.12 | 2427 | 2. 1.17 14940 .291 2176 | 1285
30 70.29 | 20.9 1#1.96 1.20 | 1.35 | 1.50 .72 3194 1879 «2366 | 1392
30 70.29 | 22. 40,73 .9g 1.10 | 1.25 . «277% »1607 02522 | L1B61
30 70.29 | 22.69 | u1.15 <9 1.1% | 1.30 . «2730 #1599 .2395 | .1403
30 70.29 | 24.95 | 41.30 gz .8 1.02 . 2228 1327 2595 | . 3(2’2
30 0. 25, 41,33 .80 9 1. 47 . 1322 .zgﬁg o1
30 7.33 | 18. <00 | 2.00| 2.15 | 2.30 | 1.23 Zg «3006 .2 ol
30 7.33 | 18.70 <3| T.98] 2.12 | 2.28 | 1.23 1995 2934 «2356 | o1
30 7.33 | 18.70 | 51.29 | 1.95] 2. 2.22 | 1.23 L1995 2934 «2390 | .1
30 .33 | 21, 51.19 | 1.62| 1. 1.92 62 «39 23 2217 | .1299
30 87.33 | 22.88 | 50.99 | 1.12] 1.28 | 1. . .3 19 .2606 | .1522
30 87.33 | 25.22 | 51.32 .88} 1,03 | 1.18 . .2 L1614 2666 | 1567

e e e e . p——
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Figure 2.- Sketch and cross section of Langley tank model 277, 40° angle

of dead rise.
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Figure 3.- Setup of model and towlng gear.
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Figure 5.-

Typical flow pattern for a V-shaped surface
of dead rise.

having & 20° angle
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cient for surface having a 20° angle of dead rise.
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Figure 16.- Comparison of experimental\draft data with computed draft
deta showing pile-up at the keel for surface having a 20° angle of

dead rise.
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